Abstract. The effects of ocean acidification and warming on the concentrations of dimethylsulfoniopropionate (DMSP) and 16 dimethylsulfide (DMS) were investigated during a mesocosm experiment in the Lower St. Lawrence Estuary (LSLE) in the 17 fall of 2014. Twelve mesocosms covering a range of pH T (pH on the total hydrogen ion concentration scale) from 8.0 to 7.2, 18 corresponding to a range of CO 2 partial pressures (pCO 2 ) from 440 to 2900 µatm, at two temperatures (in situ and +5 °C; 19 10 °C and 15 °C) was monitored during 13 days. All mesocosms were characterized by the rapid development of a diatom 20 bloom dominated by Skeletonema costatum, followed by its decline upon the exhaustion of nitrate and silicic acid. Neither 21 the acidification nor the warming resulted in a significant impact on the abundance of bacteria over the experiment. 22
Introduction 35
Dimethylsulfide (DMS) is ubiquitous in productive estuarine, coastal, and oceanic surface waters (Barnard et al. 2000) but mostly on its net production in the surface mixed layer of the ocean (Malin and Kirst, 1997) . Net changes in the 45 aqueous DMS inventory are largely governed by microbial food webs (see reviews by Simó, 2001 ; Stefels et al., 2007 ) 46 whose productivity is potentially sensitive to modifications in the habitats that sustain them. Given the complexity of the 47 rate of the diatoms and hastened the decline of the bloom (Bénard et al., 2018) . Here, we report on the impacts of 136 acidification and warming on DMSP and DMS concentrations with a focus on the dynamics of heterotrophic bacteria, a 137 component of the marine food web known to affect the turnover of DMSP and DMS. 138
Materials and methods 139

Mesocosm setup 140
The mesocosm experimental setup is described in detail in Bénard et al. (2018) sensor, accuracy ± 0.2 °C) were installed in each mesocosm, recording temperature every 15 minutes and either triggering a 148 resistance heater (Process Technology TTA1.8215) or a glycol refrigeration system activated by an automated pump. The pH 149 of the mesocosms was measured every 15 minutes by Hach® PD1P1 probes (± 0.02 pH units) linked to Hach® SC200 150 controllers. To maintain pH, two reservoirs of artificial seawater were equilibrated with pure CO 2 before the start of the 151 experiment and positive deviations from the target pH values in each mesocosm activated peristaltic pumps that injected the 152 CO 2 supersaturated seawater into the mesocosm water. This control system was able to maintain the pH in the mesocosms 153 within ± 0.02 pH units of the targeted values during the initial bloom development by lowering the pH, but it could not 154 increase the pH during the declining phase of the bloom. 155
Experimental approach 156
Prior to the onset of the experiment, all the mesocosms were meticulously washed with diluted Virkon TM , an anti-viral and 157
anti-bacterial solution, according to the manufacturer's instructions (Antec International Limited), and thoroughly rinsed. 158
The experimental approach is also detailed in Bénard et al. (2018) . To fill the mesocosms, water from ~5 m depth was 159 collected near the Rimouski harbour (48° 28' 39.9" N, 68° 31' 03.0" W) on the 27 th of September 2014 (day -5). Initial 160 conditions were: practical salinity (S P ) = 26.52, temperature = 10 °C, nitrate (NO 3 -) = 12.8 ± 0.6 µmol L -1 , silicic acid 161 (Si(OH) 4 ) = 16 ± 2 µmol L -1 , and soluble reactive phosphate (SRP) = 1.4 ± 0.3 µmol L -1 . Following its collection, the water 162 was screened through a 250 µm mesh while the mesocosms were simultaneously gravity-filled by a custom made "octopus" 163 tubing system. The initial in situ temperature of 10 °C was maintained in all mesocosms for the first 24 h (day -4). On day -164 3, the six mesocosms in one of the containers were gradually heated to 15 °C while the mesocosms in the other container6 carried out on day -1. The mesocosms were initially set to cover a gradient of pH T (total proton concentration scale) of ~8.0 167 to 7.2 corresponding to a range of pCO 2 from 440 to 2900 µatm. Two mesocosms, one in each container (at each 168 temperature), were not pH-controlled to assess the effect of freely fluctuating pH condition. These two mesocosms were 169 called drifters since the in-situ pH was allowed to drift over time throughout the bloom development. To achieve the initially 170 targeted pH T , CO 2 -saturated artificial seawater was added to mesocosms M1, M3, M5, M7, M8, M10 (pH T 7.2-7.6) while 171 mesocosms M2, M4, M6, M9, M11, M12 (pH T 7.8-8.0 and the drifters) were openly mixed to allow CO 2 degassing. Then, 172 the automatic system controlling the occasional addition of CO 2 -saturated artificial seawater maintained the pH equal or 173 below the targeted pH, except for the drifters. 174
Seawater analysis 175
Daily sampling of the mesocosms was carried out between 05:00 and 08:00 every day (EDT) as described in Bénard et al. 176 (2018) . Samples for carbonate chemistry, nutrients, DMSP and DMS were collected directly from the mesocosms prior to 177 filling of 20 L carboys from which seawater for the determination of chlorophyll a (Chl a), bacterial abundance, and 178 bacterial production (BP) was subsampled. Samples were collected directly from the mesocosms and the artificial seawater 179 tank on days -3, 3 and 13 for practical salinity determinations. The samples were collected in 250 mL plastic bottles and 180 stored in the dark until analysis was carried out on a Guildline Autosal 8400B salinometer in the months following the 181 experiment. 182
Carbonate chemistry and nutrients 183
Analytical methods used to determine the carbonate parameters are described in detail in Bénard et al. (2018) . Briefly, pH 184 was determined every day by transferring samples from the mesocosms to 125 mL plastic bottles without headspace. The 185 samples were analyzed within hours of collection on a Hewlett-Packard UV-Visible diode array spectrophotometer (HP-186 8453A) and a 5 cm quartz cell using phenol red (PR; Robert-Baldo et al., 1985) and m-cresol purple (mCP; Clayton and 187 7 and SRP concentrations were used to calculate the in situ pH T , pCO 2 and saturation state of the water in each mesocosm 198 using CO 2 SYS (Pierrot et al., 2006 ) and the carbonic acid dissociation constants of Cai and Wang (1998 Whatman GF/F filters. The filters were soaked in a 90 % acetone solution at 4 °C in the dark for 24 h, the solution H-TdR, MP Biomedicals), was added in all vials. Samples were incubated 222 2.5 h at experimental temperatures (10 or 15 °C), and then 0.2 mL of formaldehyde 37 % were immediately added in the 223 three "measure" vials. Bacteria were then collected by filtration (diameter 25 mm; 0.2 μm porosity) and filters were treated 224 according to Fuhrman and Azam (1980, 1982) .
3 H-TdR incorporation was measured using a scintillation counter (Beckman 225 LS5801) and results were expressed in dpm. Blank values were subtracted from "measured" values to remove background 226 radioactivity.
3 H-TdR incorporation rates were converted in mole of
DMSP and DMS concentrations 229
For the quantification of DMSP t , duplicate 3.5 mL samples of seawater were collected into 5 mL polyethylene tubes. 230
Samples were preserved by adding 50 µL of a 50 % sulfuric acid solution (H 2 SO 4 ) to the tubes before storage at 4 °C in the 231 dark until analysis in the following months. Samples for the quantification of DMSP d were taken daily, but a technical 232 problem during storage and transport of the samples led to a loss of all samples. To quantify DMSP t , 1 mL of NaOH (5 M) 233 was injected into a purge and trap (PnT) system prior to the 3.5 mL sample to hydrolyze DMSP into DMS following a mole-234 to-mole conversion. Ultrapure helium was used to bubble the heated chamber (70 °C; 50 ± 5 mL min Samples for the quantification of DMS were directly collected from the mesocosms into 20 mL glass vials with a butyl septa 241 and aluminum crimp. The samples were kept in the dark at 4 °C until analysis was carried out within hours of collection by 242 injecting the 20 mL sample in the PnT system described above, without the prior addition of NaOH. DMS concentrations 243
were calculated against microliter injections of DMS diluted with ultrapure helium using a permeation tube 
Statistical analyses 246
The statistical analyses were performed using the nlme package in R (R Core Team, 2016). The data were analyzed using a 247 general least squares (gls) approach to test the linear effects of the two treatments (temperature, pCO 2 ), and their interaction 248 on the variables (Paul et al., 2016; Hussherr et al., 2017; Bénard et al., 2018) . The analyses were conducted on the averages 249 of the measured parameters over the whole duration of the experiment, and separate regressions for pCO 2 were performed 250 for each temperature when the latter had a significant effect. The residuals were checked for normality using a Shapiro-Wilk 251 test (p > 0.05) and data were transformed (square root or natural logarithm) if necessary. In addition, squared Pearson's 252 correlation coefficients (r 2 ) with a significance level of 0.05 were used to evaluate correlations between key variables. 253
Results 254
Physical and chemical conditions during the experiments 255
The S p was 26.52 ± 0.03 on day -4 in all mesocosms and remained constant throughout the experiment, averaging15.0 ± 0.1 °C for mesocosms M7 through M12 (Fig. 1a) . The pH T remained relatively stable throughout the experiment in 259 the pH-controlled treatments, but decreased slightly as the experiment progressed, deviating by an average of -0.14 ± 0.07 260 units relative to the target pH T on the last day (Fig. 1b) . The pH variations corresponded to changes in pCO 2 from an average 261 of 1340 ± 150 µatm on day -3, and ranged from 564 to 2902 µatm at 10 °C and from 363 to 2884 µatm at 15 °C on day 0 262 following the acidification (Fig. 1c) . The in situ pH T in the drifters (M6 and M11) increased from 7.896 and 7.862 on day 0, 263 at 10 °C and 15 °C respectively, to 8.307 and 8.554 on day 13, reflecting the balance between CO 2 uptake and metabolic 264 CO 2 production over the duration of the experiment. On the last day, pCO 2 in all mesocosms ranged from 186 to 3695 µatm 265 at 10 °C and from 90 to 3480 µatm at 15 °C. 266
Nitrate (NO 3 -) and silicic acid (Si(OH) 4 ) concentrations averaged 9.1 ± 0.5 µmol L -1 and 13.4 ± 0.3 µmol L -1 on day 0, 267 respectively (Bénard et al., 2018). The two nutrients displayed a similar temporal depletion pattern following the 268 development of the phytoplankton bloom. NO 3 -concentrations reached undetectable levels (< 0.03 µmol L -1 ) in all 269 mesocosms by day 5. Likewise, Si(OH) 4 fell below the detection limit (< 0.1 µmol L -1 ) between day 1 and 5 in all 270 mesocosms except for those whose pH T was set at 7.2 and 7.6 at 10 °C (M5 and M3) and in which Si(OH) 4 depletion 271 occurred on day 9. 272
Phytoplankton, bacterial abundance and production 273
Chl a concentrations were below 1 µg L -1 following the filling of the mesocosms (day -4), and had already increased to an 274 average of 5.9 ± 0.6 µg L -1 on day 0 (Fig. 2a) . At 10 C, Chl a quickly increased to reach maximum concentrations around 275 27 ± 2 µg L -1 on day 3 ± 2, and decreased progressively until the end of the experiment. Increasing the temperature by 5 °C 276 resulted in a more rapid development of the bloom and a speedier decrease of Chl a concentrations during the declining 277 phase of the bloom. The maximum Chl a concentration reached at the peak of the bloom was, however, not significantly 278 affected by the difference in temperature. We found no significant effect of the pCO 2 gradient on the mean Chl a 279 concentrations measured over the days 0-13, nor during the development phase and the declining phase of the bloom as 280 described in Bénard et al. (2018) (Fig. 2a-b ; Table 1 ). 281
The free-living bacterial abundance was ~1.2 × 10 9 cells L -1 on day -4, and increased rapidly to reach 3.1 ± 0.6 × 10 9 cells L -1 282 on day 0 (Fig. 2c ). This initial increase in abundance probably resulted from the release of dissolved organic matter (DOM) 283 during pumping of the seawater and filling of the mesocosms. The subsequent decrease in bacterial abundance during the 284 development phase of the bloom suggests that the initial pool of DOM was fully utilized and that freshly released DOM was 285 scarce. As expected, bacterial abundance increased during the declining phase of the bloom at 10 C. Under warmer 286 conditions, bacterial abundance decreased earlier during the initial bloom development than was observed at 10 C, but was 287 also marked by an earlier peak during the decline of the bloom, followed by a second, more variable peak in abundance. 288
These variations in abundances probably reflect changes in the balance between bacterial growth and loss by grazing. When 289 averaged over the experiment, we observed no effect of the treatments on the mean bacterial abundance ( Fig. 2c-d ; Table 1 ). 290
At 10 C, bacterial production was low at the beginning of the experiment and increased gradually during the development 291 and declining phases of the bloom to reach peaks values of 9.3 ± 0.9 µg C L -1 d -1 (Fig. 2e) . Bacterial production increased 292 faster at 15 °C and reached maximal production rates of 19 ± 1 µg C L -1 d -1 on day 11. Results of the gls model show no 293 effect of the pCO 2 gradient on bacterial production, but a positive effect of warming was observable throughout the 294 experiment ( Fig. 2f ; Table 1) . 295
DMSP t and DMS 296
At in situ temperature, DMSP t concentrations averaged 9 ± 2 nmol L -1 on day 0 and increased regularly in all mesocosms up 297 to day 10 before they plateaued or slightly decreased over the last 2-3 days (Fig. 3a) . These results reveal that DMSP 298 accumulation persisted for several days after the bloom peaks, to reach a maximum value between days 8-13 of 299 366 ± 22 nmol L -1 . At 15 C, DMSP t concentrations similarly increased after the maximum Chl a concentrations were 300 reached, but increased faster than at in situ temperature. The maximum DMSP t concentrations were 396 ± 19 nmol L -1 at 301 15 °C, a value that is not statistically different from the peak values measured at 10 °C (Fig 4a; Table 2 ). A greater loss of 302 DMSP took place in the last days of the experiment at 15 C. By day 13, 79 ± 3 % of the peak DMSP t concentration was lost 303 in the 15 °C mesocosms, while 19 ± 4 % of the peak DMSP t concentration was lost at 10 °C. When averaged over the 304 duration of the experiment, the mean DMSP t concentrations were not significantly affected by the pCO 2 gradient, the 305 temperatures or the interaction between these two factors ( Fig. 3b ; Table 1) . 306
Over the 13 days, the DMSP t :Chl a ratio averaged 11.4 ± 0.4 nmol (µg Chl a) -1 at 10 °C and was not affected by increasing 307 pCO 2 ( Fig. 5 ; Table 1 ). Due to the aforementioned mismatch between the peaks in Chl a and DMSP t , the average 308 DMSP t :Chl a ratios were significantly higher at 15 °C, averaging 19 ± 1 nmol (µg Chl a) -1 over the experiment ( Fig. 5 ; Table  309 1). However, we found no significant relationship between DMSP t :Chl a and the pCO 2 gradient. 310
Initial DMS concentrations were below the detection limit on day 0 (< 0.9 nmol L -1 ) and slowly increased during the first 7 311 days, while most of the build-up took place after day 8 in all treatments (Fig. 3b) . The net accumulation of DMS was faster 312 at 15 °C than at 10 C, with higher daily DMS concentrations at 15 °C compared to 10 °C from day 3 until day 13. At the 313 end of the experiment, DMS concentrations averaged 21 ± 4 nmol L -1 at 10 °C and 74 ± 14 nmol L -1 at 15 °C. Over the full 314 duration of the experiment, we found significant negative effects of increasing pCO 2 on mean DMS concentrations at the two 315 temperatures tested ( Fig. 3d; Table 1 ). At 10 °C, we measured a ~67 % reduction of mean DMS concentrations from the 316 drifter relative to the most acidified treatment (~345 ppm vs ~3200 ppm), with values decreasing from 10 ± 2 nmol L -1 to 317 3.2 ± 0.8 nmol L -1 . At 15 °C, the mean DMS concentrations decreased by roughly the same percentage (~69 %) as pCO 2 318 increased from the drifter to the most acidified treatment (~130 ppm vs ~3130 ppm). Nevertheless, the mean DMS 319 concentrations were higher at 15 °C, ranging from 34 ± 13 nmol L -1 to 11 ± 3 nmol L -1 , an average increase of ~240 %with increasing pCO 2 at both temperatures and concentrations were always higher at 15 than at 10 °C for any given pCO 2 322 ( Fig. 4b; Table 2 ). 323
The DMS:DMSP t ratio exhibited the same general pattern as the DMS, i.e. low and stable values during the first 8 days, and 324 increasing values between days 8-13 (Fig. 3e) . The natural logarithm of the DMS:DMSP t ratio was not affected by the pCO 2 325 gradient at 10 °C when averaged over the 13 days experiment, but a significant decrease of the DMS:DMSP t ratios was 326 observed with increasing pCO 2 at 15 compared to 10 °C ( Fig. 3f; Table 1 ). Moreover, there was a significant positive 327 correlation between bacterial production and DMS concentrations, as 64 % of the variability of DMS concentrations is 328 explained by variations in bacterial production (r 2 = 0.64, p < 0.001, n = 70; Fig. 6 ). 329
Discussion 330
General characteristics 331
As far as we know, this study is the first full factorial mesocosm experiment where all pCO 2 treatments (pH T at 10 °C to 1-4 days at 15 °C. However, these changes in the bloom timing did not alter the overall primary production 342 throughout the experiment. Hereafter, we discuss how increasing pCO 2 (lowering the pH) affected DMSP and DMS 343 concentrations and how a 5 °C increase in temperature altered the impacts of the pCO 2 gradient during the experiment. 344
DMSP dynamics 345
The buildup of the phytoplankton biomass during the bloom development was coupled with a rapid increase in DMSP t 346 concentrations (Fig. 3a) . Assuming that S. costatum was responsible for most of the DMSP production, our results indicate a 347 low sensitivity of the DMSP synthesis pathway to acidification in this species. The net accumulation of DMSP t persisted 348 several days after the peaks in Chl a, indicating a decoupling between DMSP synthesis, algal growth and nitrogen 349 metabolism (Bénard et al., 2018) . 350
Effects of acidification on DMSP 351
At in situ temperature, the averaged DMSP t concentrations were not affected by the increase in pCO 2 (Fig. 3b; Table 1 ). The 352 lack of significant changes in the DMSP t :Chl a ratio as a function of the pCO 2 gradient also supports this conclusion ( Fig. 5 ; 353 
Effects of warming on DMSP 358
In contrast to the absence of effects of acidification on DMSP, warming has been previously shown to affect DMSP 359 concentrations in nature. Results from shipboard incubation experiments conducted in the North Atlantic have revealed an 360 increase in particulate DMSP (DMSP p ) concentrations due to a 4 °C warming (Lee et al., 2009 ). During this last study, the 361 higher DMSP p concentrations were attributed to a temperature-induced shift in community structure toward species with 362 higher cellular DMSP content. During our study, the pCO 2 and temperature treatments did not alter the structure of the 363 community (Bénard et al., 2018). Most of the DMSP synthesis was likely linked to the numerically dominant diatoms, as all 364 other algal groups identified contributed to less than 10 % of the total algal abundance (see Fig. 6 
in Bénard et al., 2018). 365
Our results thus suggest that DMSP synthesis by S. costatum during the nitrate-replete growth phase was not significantly 366 affected by warming. Rather, it is the accelerated growth rate of S. costatum that promoted the concurrent accumulation of 367 biomass and DMSP t , while the higher DMSP t :Chl a ratio observable at 15 °C may be explained by the faster degradation of 368 cells under warming. Several empty frustules were found during the last days of the experiment at 15 °C, suggesting a loss of 369 integrity of the cells and potential increase of the release of intracellular dissolved organic matter, including DMSP. 370
However, the absence of dissolved DMSP measurements prevents the verification of this suggestion. The increase in the 371 abundance of bacteria and in bacterial production (Fig. 2c, e) during that period also suggest that more dissolved organic 372 matter was produced during the decline of the bloom, as previously reported (Engel et al., 2004a (Engel et al., , 2004b ). During our 373 experiment, transparent exopolymer particles (TEP) concentrations increased during this period (Gaaloul, 2017), adding to 374 the evidence for heightened DOM production by the decaying bloom, with a potential increase in DMSP metabolization by 375 heterotrophic bacteria under warming. 376
DMS dynamics 377
DMS concentrations remained very low during the development phase of the bloom (day 8) and increased in the latter days 378 of the experiment. Most of the DMS accumulation in the mesocosms took place between days 8-13 and likely originated 379 from DMSP that may have been released during cell lysis (Kwint and Kramer, 1995), or upon zooplankton grazing (Cantinet al., 1996) . Unbalanced growth and photosynthesis of algal cells under nitrogen deficiency during that period may also be 381 responsible for a greater production and active exudation of DMSP (Stefels et al., 2000; Kettles et al., 2014) . 382
Effects of acidification on DMS 383
At in-situ temperature, we observed a significant linear decrease in DMS concentrations (both averaged over the full 384 duration of the experiment and peak concentrations) with increasing pCO 2 (Figs. 3c, 4b ; Tables 1 and 2 During our study, the decrease in DMS concentrations with increasing pCO 2 cannot be directly attributed to a decrease in 393 DMSP t since this pool was not affected by the pCO 2 gradient (Figs. 3b, 4a ; Tables 1 and 2 ). In Park et al. (2014), the 394 increase in pCO 2 led to the reduction in the abundance of Alexandrium spp., an active DMSP and DMSP-lyase producer, and 395 a concomitant reduction of the associated microzooplankton grazing. As Alexandrium spp. was less numerous, the associated 396 attenuation of microzooplankton grazing resulted in a reduction of the mixing of DMSP and DMSP-lyase, leading to less 397 DMSP-to-DMS conversion. Given the strong contribution of S. costatum to the bloom, a species with no reported DMSP-398 lyase, it can be assumed that most, if not all, of the DMS produced was driven by bacterial processes following DMSP 399 release by the diatoms. Thus, the decrease in DMS concentrations in our study could have been the result of altered bacterial 400 mediation; either through reduced bacterial production of DMS or heightened bacterial consumption of DMS. Whereas a 401 reduction in bacterial uptake of DMSP is unlikely, given that the bacterial abundance and production were unaffected by the 402 pCO 2 gradient (Table 1) abundance and production at high pCO 2 , especially for attached bacteria as opposed to free-living (Grossart et al., 2006) . 411
However, regardless of the temperature treatment, neither the abundance nor the activity of bacteria seemed to be 412 significantly impacted by pCO 2 in this study. A pCO 2 -induced increase in bacterial DMS turnover could also explain thedecrease in DMS concentrations, but several studies suggest that bacterial DMS consumption in natural systems is often 414 tightly coupled to DMS production itself (Simó, 2001 (Simó, , 2004 . Furthermore, while one laboratory study reported that non-415 limiting supplies of DMS may be used as a substrate by several members of Bacteroidetes (Green et al., 2011) , another study 416
showed that only a subset of the natural microbial population may turnover naturally-occurring levels of DMS (Vila-Costa et 417 al., 2006b). Nevertheless, the sensitivity of these DMS-consuming bacteria to decreasing pH remains unknown. Likewise, 418 whereas we cannot exclude a potential impact of pCO 2 on DMS turnover via bacterioplankton, it is plausible that the pCO 2 419 gradient may have affected a widespread physiological pathway among bacteria, specifically, the metabolic breakdown of 420 DMSP. 421
Effects of warming on DMS 422
A warming by 5 °C increased DMS concentrations at all pCO 2 tested, resulting in an offset of the negative pCO 2 impact 423 when compared to the in situ temperature. This result differs from the observation of Kim et al. (2010) and Park et al. (2014) 424 in two ways. First, our results show an increase in DMS concentrations in the warmer treatment while the two previous 425 studies reported a decrease. Second, our results confirm that a temperature effect may be measured over a large range of 426 pCO 2 . It is noteworthy that the increase in DMS concentrations at the two temperatures tested varied from 110 % at pH 8.0 427 up to 370 % at pH 7.4. This highlights the scaling of the temperature effect over an extensive range of pCO 2 and the 428 importance of simultaneously studying the impact of these two factors on DMS production. As observed at 10 °C, both the 429 average and the peak DMS concentrations decreased linearly as pCO 2 increased in the warm treatment (Figs. 3d, 4b ; Tables  430   1 and 2) . Nevertheless, the pCO 2 -induced decrease in DMS concentrations at 15 °C cannot be directly attributed to a 431 decrease in DMSP t concentrations given that an increase in pCO 2 had no discernable effect on DMSP t concentrations. In 432 contrast to our observations at the in situ temperature, where DMSP t continued to increase until day 12, DMSP t 433 concentrations at 15 °C typically decreased from day 8 onward (Fig. 3a) . This loss in DMSP t suggests that microbial 434 consumption of DMSP exceeded DMSP algal synthesis. In light of the dominance of S. costatum, a phytoplankton taxon not 435 known to exhibit DMSP-lyase, the bulk of microbial DMSP mediation was likely associated with heterotrophic bacteria. In 436 support of this hypothesis, the bacterial production was ~2 times higher at 15 than at 10 °C between days 8-13 437
) (Fig. 2) , and we observed a significant correlation between the quantity of 438 
Limitations 458
During our study, the pCO 2 changes were applied abruptly, over a day, from in situ values to pCO 2 levels exceeding the most 459 pessimistic pCO 2 scenarios for the end of the century. Compared to our manipulation, ocean acidification will proceed at a 460 much slower rate, potentially allowing species to adapt and evolve to these changing conditions (Stillman and The results from our study could also be influenced by the absence of macrograzers in the mesocosms. An additional grazing 474 pressure could limit the growth of the blooming species, reducing the amount of DMSP produced or could increase the 475 release of DMSP d through sloppy feeding after the initial bloom (Lee et al., 2003) . It is unclear how an increase in grazing 476 pressure would have impacted the concentrations of DMS in our experiment. On the one hand, increased predation could 477 have limited the net accumulation of DMSP p , with a possible reduction in DMS production. On the other hand, increaseduptake, mediation and possible conversion into DMS. Despite the absence of reported changes in community composition in 480 our study, many OA mesocosm experiments have described changes in DMS concentrations associated with shifts in 481 community structure in the past (Vogt et 
Conclusions 486
The objective of this study was to quantify the combined impact of increases in pCO 2 and temperature on the dynamics of 487 DMS during a fall diatom bloom in the St. Lawrence Estuary. Our mesocosm experiment allowed us to capture the 488 development and declining phases of a bloom strongly dominated by the diatom Skeletonema costatum and the related 489 changes in bacterial abundance and production. As expected, warming accelerated the development of the bloom, but also its 490 decline. Both DMSP t and DMS concentrations increased during the development phase of the bloom, but their peak 491 concentrations were reached as the bloom was declining. Increasing pCO 2 had no discernable effect on the total amount of 492 DMSP t produced at both temperatures tested. In contrast, increasing the pCO 2 to the value forecasted for the end of this 493 century resulted in a linear decrease in DMS concentrations by 33 % and by as much as 69 % over the full pCO 2 gradient 494 tested. These results are consistent with previous reports that acidification has a greater impact on the processes that control 495 the conversion of DMSP to DMS than on the production of DMSP itself. The pCO 2 -induced decrease in DMS 496 concentrations observed in this study adds to the bulk of previous studies reporting a similar trend. In diatom dominated 497 systems, such as the one under study in this experiment, heterotrophic processes underlying DMS production seem to be 498 most sensitive to modifications in pCO 2 . Whereas predatory grazing and its associated impacts on DMS production cannot 499 be ruled out entirely, the decreases in DMS concentrations in response to heightened pCO 2 are likely related to reductions in 500 bacterial-mediated DMS production, a hypothesis partly supported by the significant positive correlations found between 501 DMS concentrations and bacterial production. Whereas the DMS concentrations decreased significantly with increasing 502 pCO 2 at both 10 °C and 15 °C, warming the mesocosms by 5 °C translated into a positive offset in concentrations of DMS 503 over the whole range of pCO 2 tested. Higher DMSP release and increased bacterial productivity in the warm treatment 504 partially explain the stimulating effect of temperature on DMS net production. Overall, results from this full factorial 505 mesocosm experiment suggest that warming could mitigate the expected reduction in DMS production due to ocean 506 acidification, even increasing the net DMS production with the potential to curtail radiative forcing. Further studies should 507 focus on the relationship between bacterial conversion of DMSP to DMS and pCO 2 , to mechanistically verify the suggested 508 cause of the DMS reduction observed in this experiment. Moreover, an extended range of temperature should also be 509 considered for future multiple stressors experiment as warming had, more often than not, a stronger effect on the community 510 than acidification. 511
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